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Abstract 


omputer  modelling  of  HgBr  discharge  lasers  requires  as  input  the  various  cross 
sections  for  electron  impact  on  HgBr2.  This  report  describes  measurements  of 
the  wavelength  resolved  emission  cross  section  measured  between  240  ard  530  nm. 
This  range  encompasses  three  bands:  The  (D-X) ,  (C-X) ,  and  B-X  which  have  been 
documented  and  discussed  previous.  In  addition  we  find  a  fourth  band  which 
appears  on  the  long  wavelength  side  of  the  (C-X)  band,  and  overlaps  the  short 
wavelength  tail  of  the  (B-X)  band.  Measurements  of  the  wavelengths  at  which 
local  maxima  appear  in  the  fluorescence  agree  acceptably  with  Wielands'  data 
on  this  band,  which  we  designate  as  the  (B'-X)  band.  A  systematic  approach 
to  partitioning  the  spectrum  between  the  various  bands  has  been  adopted  in 
order  to  derive  total  band  emission  cross  sections  for  all  four  bands.  ^A  more 
extensive  series  of  measurements  on  the  ''benchmark'^  He  line  emission  cross 
sections  has  led  to  a  revised  method  of  calibrating  the  HgBr  data.  As  a 
result  of  these  changes  in  the  method  of  interpreting  the  data  ou  r  previous 
measurement  of  the  emission  cross  section  for  the  (B-X)  continuum  is  revised 
downwards,  from  3.2  x  10~18  cm2  to  2.25  x  10“ cm^  in  the  plateau  region. 

The  thresholds  for  the  (B'-X),  (C-X)  and  (D-X)  bands,  measured  at  their  peak 
wavelengths,  are  7.45,  7.40  and  7.65  eV  respectively.  The  lumped  emission 
cross  section  for  the  D,  C  and  B'-X  bands  is  comparable  to  the  B-X  cross 
section.  Trapped  electron  measurements  identify  energy  loss  thresholds  at 
5.1,  6.0,  7.4  and  9.15  eV,  and  at  approximately  3.7  eV.  The  relative 
magnitudes  of  the  trapped  electron  signals  associated  with  the  6.0  eV  and 
the  7.4  eV  processes,  when  compared  with  the  corresponding  emission  cross 
sections,  suggest  that  the  7.4  eV  process  produces  mostly  non-radiating 
products. 
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1 .  SUMMARY 


1.1  Objectives  and  Approach 

The  general  objective  of  the  present  program  was  to  provide 
additional  information  regarding  electron  impact  energy  loss  cross 
sections  in  HgBr2  to  complement  other  available  measured  cross  sections 
for  this  molecule.  The  latter  consisted  of  the  cross  sections  for 
negative  and  positive  ion  production  (Ulegand  &  Boedecker,  1982)  and  the 
cross  section  for  production  of  the  HgBr  (B)  state  measured  by  us 
previously  (Chantry  and  Chen,  1982).  The  specific  objectives  were  to 
(1)  measure  the  shape  and  magnitude  of  the  cross  section  for  production 
of  the  HgBr*(C)  state,  i.e., 

e  +  HgBr2  ♦  HgBr*  (C2*1/2)  +  Br  +  e  (1) 

and  (ii)  to  measure  threshold  energies  for  other  inelastic  energy  loss 
processes. 

The  same  approach  is  used  to  measure  the  cross  section  for 
reaction  (1)  as  was  adopted  previously  to  measure  the  HgBr*(B)  state 
production.  A  magnetically  collimated  electron  beam  (1-200  eV)  is 
crossed  by  a  molecular  beam  of  HgBr2>  The  apparatus  permits 
simultaneous  measurements  of  negative  ion,  positive  ion,  and  wavelength 
resolved  photon  production  from  HgBrj.  Equivalent  measurements  can  also 
be  made  for  reference  permanent  gases.  Helium  is  used  for  this  purpose 
since  a  number  of  line  emission  cross  sections  in  the  relevant 
wavelength  region  have  been  accurately  measured  by  Van  Zyl  et  al. 

(1980).  This  method  of  calibrating  the  apparatus  makes  it  possible  to 
measure  the  ratio  of  the  emission  cross  section  to  the  total  ionization 
cross  section  for  any  other  gas,  provided  the  wavelength  dependence  of 


the  relative  quantum  efficiency  of  the  optical  detection  system  and  the 
relative  ion  collection  efficiency  are  known. 


Inelastic  energy  loss  processes  can  be  detected  at  threshold  via 
collection  of  the  resulting  low  energy  electrons  e',  from  the  reaction 

e  +  HgBr2  +  HgBr2*  +  e'  (2) 

using  the  trapped  electron  technique.  Here  the  potentials  of  the 
various  electrodes  controlling  the  space  potential  in  the  interaction 
region  are  arranged  to  give  a  potential  well  of  typically  a  few  tenths 
of  a  volt.  Inelastically  scattered  electrons  having  energies  less  than 
the  well  depth  are  trapped,  and  are  subsequently  collected  on  a  suitable 
biassed  electrode,  giving  a  "trapped  electron  signal." 

1*2  Accompllshemnts 

The  photon  counting  system  has  been  modified  by  replacing  the 
photomultiplier  used  previously  (RCA  8575)  with  one  (RCA  C31024A)  having 
a  quartz  faceplate,  giving  much  better  sensitivity  in  the  short 
wavelength  region  (~  290  nm)  where  the  HgBr*  (C-X)  emission  appears. 
Using  two  standard  lamps  the  relative  photon  counting  efficiency  of  the 
modified  system  was  remeasured  for  two  interchangeable  gratings  blazed 
respectively  at  300  nm  and  600  nm.  The  resulting  overall  response 
allows  use  of  the  system  for  quantitative  measurements  from  240  nm  to 
beyond  550  nm.  Over  this  range  the  counting  efficiency  varies  by  less 
than  a  factor  of  four. 

The  wavelength  resolved  emission  cross  section  of  HgBr2  has  been 
measured  from  240  nm  to  beyond  530  nm  for  various  electron  Impact 
energies.  This  range  encompasses  the  (B-X)  emission  measured  previ¬ 
ously,  the  (C-X)  band  of  specific  present  interest,  and  the  (D-X)  band 
appearing  at  the  shortest  wavelengths.  An  additional  band,  here 
labelled  (B'-X),  appearing  on  the  long  wavelength  side  of  the  (C-X) 
band,  and  overlapping  the  short  wavelength  tail  of  the  (B-X)  band,  has 


been  documented  and  correlated  with  other  measurements  in  this  region. 
Partitioning  of  the  spectrum  Into  bands  and  subsequent  Integration  over 
wavelength  has  yielded  the  electron  energy  dependences  of  the  total  band 
emission  cross  sections  for  all  four  hands:  ac(B-X),  oc(C-X),  ac(D-X), 
and  crc(B'-X).  The  present  measurements  of  the  (B-X)  band  agree  closely 
with  our  previous  measurements,  provided  both  sets  of  data  are  cali¬ 
brated  in  the  same  way.  Based  on  more  extensive  He  line  emission 
measurements  a  revised  calibration  procedure  has  been  adopted.  This 
procedure,  together  with  a  more  systematic  approach  to  partitioning  the 
(B'-X)  and  (B-X)  emissions  where  they  overlap,  gives  a  30%  reduction  in 
the  derived  (B-X)  emission  cross  section  in  the  plateau  region  compared 
to  the  values  derived  previously  from  our  measurements. 

A  few  exploratory  trapped  electron  measurements  have  been 
performed.  The  main  feature  observed  between  2  and  12  eV  is  a  peak 
having  a  threshold  at  approximately  7. A  eV,  consistent  with  the 
appearance  potential  of  the  lumped  continuum  emission  cross  section 
7oc(B' ,C,D).  The  onset  of  the  (B-X)  emission  cross  section  at  6.0  eV  is 
also  obvious  in  the  trapped  electron  signal.  In  addition,  inelastic 
thresholds  at  9.15  eV,  5.1  eV,  and  at  approximately  3.7  eV  have  been 
observed. 


2.  INTRODUCTION 


The  objectives  of  the  present  program  were  to  (i)  measure  the 
shape  and  magnitude  of  the  cross  section  for  dissociative  excitation  of 
HgBrj  into  the  HgBr*(C^TI^/2)  state,  i.e., 

e  +  HgBr2  *  HgBr*(C2n j /2 )  +  Br  +  e  (1) 

and  (ii)  to  measure  threshold  energies  for  other  inelastic  energy  loss 
processes.  In  a  previous  program,  supported  by  the  Office  of  Naval 
Research  under  contract  N00014-81-C-0518  the  cross  section  for  produc- 
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tion  of  the  HgBr  (B  I  |^2)  state  by  dissociative  excitation  of  HgBr2  was 
measured  using  basically  the  same  equipment.  This  process  is  the 
predominant  mechanism  for  discharge  pumping  of  the  upper  laser  level  in 
the  HgBr  laser.  The  provision  of  these  various  cross  sections  is 
expected  to  allow  more  definitive  modelling  calculations  of  laser 
efficiency  and  optimum  operating  conditions,  since  In  typical  laser  gas 
mixtures  the  collision  processes  controlling  the  electron  energy 
distribution  function  are  primarily  those  involving  HgBr2. 

A  detailed  description  of  the  apparatus  and  experimental 
technique  used  for  the  present  measurements  has  been  given  previously 
(Chantry  and  Chen,  1982).  In  this  report  we  confine  ourselves  to  a 
description  of  the  modifications  made  to  the  photon  counting  system  to 
extend  its  sensitivity  to  shorter  wavelengths. 

The  methods  used  for  data  analysis  arc  described  fully.  They 
are  basically  the  same  as  used  previously,  except  that  the  present  work 
necessitated  a  more  general  approach  permitting  the  correlation  of  data 
obtained  with  different  configurations  of  the  photon  counting  system. 


In  the  presentation  of  the  results  we  include  for  completeness 
the  data  reported  previously  (Chantry  &  Chen,  1982)  on  the  cross  section 
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for  production  of  the  HgBr  (BTj^)  state  from  HgBrj. 

The  emission  from  this  state  extends  from  a  well  defined  limit 
at  510  nm  to  a  tail  whose  extent  depends  on  the  electron  impact 
energy.  At  higher  energies  this  tail  merges  with  other  features  in  the 
region  of  300  nm.  There  appear  to  be  three  bands  in  this  general 
region.  They  are  clearly  visible  in  the  data  of  Wieland  (1932), 
although  only  two  of  them  are  labeled  by  Wieland.  That  extending  from 

240  to  270  nm  he  labelled  D;  that  from  270-295  he  labelled  C,  and  this 

*  2 

has  been  assumed  to  arise  from  radiative  decay  of  the  HgBr  (C  *1/2 ) 
state.  The  third  feature  is  a  broad  peak  at  305  nm,  with  possibly  a 
structured  tail  extending  to  longer  wavelengths.  The  origin  of  this 
feature  is  not  known,  and  does  not  appear  to  have  been  discussed  by 
previous  workers.  For  convenience  we  shall  label  it  B’.  Thus  in  all 
there  are  four  distinct  features  to  the  fluorescence  spectrum,  which 
extends  from  240  to  510  nm.  In  the  present  work  quantitative  measure¬ 
ments  have  been  made  of  the  wavelength  resolved  emission  cross  section 
over  this  entire  range.  This  represents  the  basic  data  generated  by  the 
experiment.  Division  of  the  data  into  emission  bands,  and  by  integra¬ 
tion  over  each  band  the  determination  of  total  band  emission  cross 
sections,  has  been  performed.  However,  this  latter  step  requires 
somewhat  subjective  judgements,  particularly  regarding  the  separation  of 
the  B  and  B'  continua.  Thus  the  emission  cross  section  data  obtained  in 

the  present  program  encompasses  that  for  the  dissociative  excitation  of 

*  2 

HgBr  (C  * y/2 )»  but  is  not  limited  to  it. 


3.  EXPERIMENT 


3.1  General  Approach 

The  various  problems  attending  the  measurement  of  an  Independent 
absolute  emission  cross  section  are  discussed  In  detail  In  the  excellent 
paper  by  Van  Zyl  et  al.  (1980).  Two  aspects  of  such  a  measurement 
present  particularly  difficult  problems  In  the  present  context  -  (l)  the 
measurement  of  the  absolute  number  density  of  the  HgBr2  molecules  in  the 
Interaction  region,  and  (li)  the  absolute  calibration  of  the  optical 
detection  system.  In  the  present  work,  we  avoid  many  of  these  diffi¬ 
culties  by  (i)  using  measurements  of  the  positive  ions  produced  in  the 
interaction  region  as  a  measure  of  the  neutral  gas  number  density  and 
(ii)  using  emission  measurements  in  Helium  to  calibrate  the  optical 
detection  system,  using  particularly  the  "benchmark"  emission  cross 
sections  determined  by  Van  Zyl  et  al.  (1980).  In  addition  the  relative 
wavelength  dependence  of  the  optical  detection  system  is  determined 
using  two  standard  (deuterium  and  quartz  halogen)  lamps  to  cover  the 
wavelength  range  of  interest  (240-600  nm). 

The  configuration  of  the  experiment  is  represented  schematically 
in  Figure  1.  The  gas  under  study  is  introduced  into  the  collision 
region  in  the  form  of  a  molecular  beam,  directed  vertically,  downward 
into  the  throat  of  a  liquid  nitrogen  cooled  baffle,  placed  above  an  oil 
diffusion  pump.  A  magnetically  collimated  electron  beam  travels 
perpendicularly  through  the  molecular  beam  such  that  they  interact  in 
the  central  region  of  a  "collision  chamber."  In  a  direction  orthogonal 
to  both  beams  the  interaction  region  is  viewed  through  aligned  slits  in 
the  ion  repeller  plate  and  the  containing  box,  which  together  with  the 
ion  attractor  plate  constitute  the  collision  chamber.  The  interaction 
region  is  focussed  on  the  entrance  slit  of  a  grating  monochromator  whose 
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exit  slit  is  focussed  on  the  photocathode  of  a  cooled  photomultiplier 
operated  as  a  photon  counter. 

The  "ion  attractor"  and  "ion  repeller"  electrodes  shown  in 
Figure  1  are  electrically  isolated  parallel  plates  mounted  within  the 
collision  chamber.  By  appropriately  biassing  these  electrodes  relative 
to  the  collision  chamber  box  it  is  possible  to  collect  and  measure  both 
positive  and  negative  ions  produced  by  the  interaction  of  the  crossed 
electron  and  molecular  beams.  Details  of  the  various  components  have 
been  described  previously  (Chantry  &  Chen,  1982).  In  the  following 
subsections  we  describe  only  those  components  which  have  been  modified 
for  the  purposes  of  the  present  series  of  measurements.  No  changes  were 
made  in  the  electrode  structure,  the  molecular  beam  head,  or  the 
material  handling  system. 

3.2  Photon  Counting  System 

The  optical  system  used  for  the  present  measurements  is  shown  to 
scale  in  Figure  2.  The  basic  arrangement  is  identical  to  that  used 
previously  (Chantry  and  Chen,  1982)  but  a  number  of  details  have  been 
changed.  In  the  previous  v?ork  the  objective  was  to  measure  radiation 
between  300  and  510  nm.  The  combination  of  an  1180  grooves/mm  grating 
blazed  at  600  nm  and  an  RCA  8575  photomultiplier  gave  an  overall 
relative  quantum  efficiency  whose  wavelength  dependence  was  well  matched 
to  the  above  range.  For  the  present  purposes,  however,  it  was  necessarv 
to  extend  the  range  of  useful  sensitivity  to  at  least  270  nn  and  prefer¬ 
ably  lower.  Therefore  the  photomultiplier  was  changed  to  an  RCA  C31024 
equipped  with  a  quartz  window.  Used  in  combination  with  a  2360  grooves/mm 
grating  blazed  at  300  nm,  this  gives  a  relative  quantum  efficiency  which 
is  flat  within  a  factor  of  two  between  480  nm  and  275  nm,  and  at  240  nm 
has  fallen  by  a  factor  of  only  4  from  its  peak  value  (see  Figure  3). 

This  response  is  very  adequate  for  the  present  measurements.  The  long 
wavelength  limit  of  usefulness  of  this  grating  (~  480  nm)  is  determined 
by  the  mechanical  span  of  the  monochromator  drive  mechanism.  Measure¬ 
ments  at  longer  wavelengths  can  be  made  with  the  1180  grooves/mm  grating 
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blazed  at  600  nm,  used  previously.  The  monochromator  has  a  dual  grating 
mount  which  facilitates  rapid  interchange  of  gratings  without  opening 
the  enclosure. 

An  1180  groove/mm  grating  blazed  at  300  nm  would  in  principle 
have  allowed  the  whole  wavelength  range  of  interest  (240  nm  to  510  nm) 
to  be  measured  using  a  single  grating.  Initial  attempts  to  adopt  this 
approach  had  to  be  abandoned  due  to  inadequacies  in  the  available 
gratings.  Two  such  gratings  were  tested  using  our  standard  lamps  system 
calibration  procedure.  Both  exhibited  large  "ghost"  responses  in  the 
region  of  300  nm,  rendering  them  unusable,  at  least  for  our  particular 
measurements.  Hence,  for  the  actual  measurements  the  two  gratings 
originally  provided  with  the  monochromator  [2360  grooves/mm  blazed  at 
300  nm,  and  1180  grooves/mm  blazed  at  600  nm]  were  reinstalled  and  used 
in  conjunction  with  the  new  photomultiplier  [RCA  C31024],  In  the  course 
of  demounting  and  remounting  the  various  gratings  the  whole  monochro¬ 
mator  grating  alignment  and  scale  calibration  procedure  was  performed. 

This  provided  a  slight  improvement  in  the  system  response  relative  to 
its  performance  in  the  previous  series  of  measurement. 

The  new  photomultiplier  was  mounted  such  that  its  front  face 
occupied  the  same  position  as  that  of  the  previously  used  tube.  To 
achieve  this  the  tube  socket  assembly  [RCA  P/N  AJ  2175  A],  designed 
specifically  for  use  with  this  tube,  had  to  be  carefully  adapted  to  the 
thermoelectrically  cooled  housing.  In  other  respects  the  new  photo¬ 
multiplier  was  operated  as  previously.  Its  output  pulses  were  detected 
by  an  Ortec  9301  preamplifier  (X10  coupled  directly  to  the  anode  of  the 
photomultipler,  followed  by  an  amplifier-discriminator  (Ortec  Model 
9302)  operated  with  a  gain  of  ten.  With  this  arrangement  the  optimum 
signal  to  dark  counts  ratio  was  achieved  with  2400  V  applied  to  the 
photomultiplier,  cooled  to  -30°C,  with  the  pulse  discriminator  set  at 
its  mid-point,  corresponding  to  a  threshold  of  approximately  160  mV. 

All  other  aspects  of  the  photon  counting  and  data  acquisition 
system  were  identical  to  those  described  previously  (Chantry  and  Chen,  1982). 
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3.3  Trapped  Electron  Technique 


In  the  present  apparatus  the  electrical  potentials  of  the 
Repeller  and  Attractor  electrodes  shown  in  Figure  1  can  be  set 
independently  relative  to  the  potential  of  the  collision  chamber  box 
which  encloses  them.  In  normal  operation  the  average,  center  potential 
of  the  Repeller  and  Attractor  is  maintained  negative  relative  to  the 
collision  chamber.  This  ensures  that  the  electron  beam  has  its  minimum 
energy  within  the  collision  chamber  so  that  when  desired  the  electron 
energy  at  the  interaction  region  can  be  reduced  to  essentially  zero.  In 
addition,  measurements  of  negative  ion  signals  can  be  made  at  the 
positively  biassed  electrode  without  interference  from  scattered 
electrons,  which  can  easily  escape  from  the  region.  If,  on  the  other 
hand,  the  center  potential  of  the  Repeller  and  Attractor  electrodes  is 
made  positive  relative  to  the  collision  chamber,  we  create  a  "potential 
well”  within  the  chamber.  Any  low  energy  electrons  created  in  the 
interaction  region  by  inelastic  energy  loss  collisions  will  be  unable  to 
escape  from  this  well  if  their  energy  is  less  than  the  well  depth.  As  a 
result  of  further  collisions  they  will  migrate  across  the  magnetic  field 
lines  until  they  are  ultimately  collected  at  the  positively  biassed 
electrode.  The  resulting  current  is  referred  to  as  a  trapped  electron 
signal.  This  technique  was  pioneered  by  Schulz  (1958)  and  further 
refined  by  Burrow  and  Schulz  (1969).  With  sufficient  care  the  technique 
can  yield  absolute  values  for  the  energy  loss  cross  section  in  the 
immediate  vicinity  of  the  threshold,  provided  a  unique  energy  loss  is 
involved.  At  each  new  threshold  the  trapped  electron  signal  starts  to 
increase,  and  reaches  a  peak  at  an  energy  above  threshold  equal  to  the 
well  depth.  Thus  the  relative  peak  height  in  the  trapped  electron 
signal  tends  to  be  proportional  to  the  magnitude  of  the  inelastic  cross 
section  at  an  energy  above  threshold  equal  to  the  well  depth.  In  the 
course  of  the  present  program  exploratory  measurements  of  this  type  were 
performed  in  HgBrj  in  order  to  provide  additional  information  on  the 

j  thresholds  and  relative  cross  section  magnitudes  near  threshold  for  all 

inelastic  energy  loss  processes,  including  those  producing  radiation. 

I 

! 

\ 
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4.  DATA  ANALYSIS 


4.1  Cross  Section  Ratios 


The  underlying  principle  of  the  present  experiment  Is  that 
measurements  In  a  known  gas  (He)  are  used  to  calibrate  the  system  such 
that  In  an  unknown  gas  we  are  able  to  determine  the  ratio  of  the 


emission  cross  section  to  the  Ionization  cross  section.  An  additional 


minor  complication  in  the  present  case  is  that  the  calibration  is 
performed  with  line  emission,  while  the  “unknown”  emission  is  in  the 
form  of  a  continuum.  In  the  following  analysis  it  is  convenient  to 
characterize  quantities  measured  in  the  calibrating  gas  by  the  subscript 
”V'  (i.e.,  line),  while  those  relevant  to  the  "unknown"  gas  have  the 
subscript  "c"  (i.e.,  continuum).  The  various  symbols  used  in  the 
analysis  are  listed  in  Table  1  together  with  their  definitions. 


In  the  line  emitting  calibrating  gas  it  follows  from  the 


definitions  that 


eNjl(XJl,ejl)  -  E(X£)IeN*Lan(xJl>e£) 


Ii(ei£)  “  Ei(eU)IeN4LaU(eU) 


We  may  write  the  ratio  of  Equations  (3)  and  (4)  in  the  form 


E(X)l)  a)l(X£,e£) 


eNt(Xre()  E;«:1()  °i*(eit> 


Similarly,  for  the  continuum  emitting  gas  we  write 


and 


eN(X,e)«INLj  E(X)o  (X,e  )F  (X-X  )  dX 
c  o  c  e  c  c  c  sc  o 


I+(e.  )  -  E+(e  )I  N  La.  (e.  ) 
c  ic  c  ic  e  c  ic  ic 


(6) 

(7) 


With  the  assumption  that  E(X)  and  a^CX^e^)  are  essentially  constant  over 
the  width  Wsc  of  the  slit  function  Fgc(X-XQ)  we  may  approximate 
Equation  (6)  by 


where 


N  (X  ,e  ) 
c  o  c 


I  NLE(X  )a  (X  ,e  )W 


e  c 


sc 


W  - 

sc 


(X-X  )dX 
o 


(8) 

(9) 


is  the  effective  width  of  the  slit  function.  For  a  triangular  slit 

function  W  is  simply  the  full  width  at  half  maximum  (FWHM).  By 
SC 

definition,  F(0)  *  1. 

The  ratio  of  Equations  (7)  and  (8)  gives 


a  (X  e  ) 
c  o  c 

°ic(eic) 


Ec<eic> 


E(X  ) 
sc  o 


N  (X  ,e  ) 
c  o  c 
»  ■■  ■ 

I+(e  v 
c  ic) 


(10) 


Multiplying  Equation  (10)  by  Equation  (5)  gives 


o  (X  ,e  ) 
c  o  c 


a  (X  e  )  lt(e  „)  R(X.) 
+  r  i  i,  1  ir  £  ii  l 
R  [—— 7'Z  *■  \~1  [-— - - 


where 


E+(e  ) 
C  ic 


N  a  ,e  )  , 

H  v  —  °  c  Hg-1  <>» 

c^  ic; 

(12) 


N(XJl,ejl)  I_(e4_)  R(X_) 


is  the  relative  ion  collection  efficiency 


18  the  relative  quantum  efficiency  (RQE)  at  wavelength  \Q  obtained  by 
normalization  to  a  conveniently  chosen  reference  value  F,(ref)  and  R(X?) 
is  defined  similarly. 

Integrating  Equation  (11)  over  wavelength  XQ  gives  the  ratio  of 
total  continuum  emission  cross  section 


a  (e  )  -  J  a  (X  ,c  )dX 
c  c  J  c  o?c  o 


to  the  ionization  cross  section 


(14) 


a  (e  ) 
c  c _ 

o  (e  ) 
ic  ic 


.  ff,(^#.e.)  I,(e.#)  R(X.)  ,  N  (X  , e  )  dX 
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tr  ir  N(xfl,E.)  sc  r( x  )  i  ( e  ) 

19.  o  c  ic 


j  (15) 


The  positive  ion  current  measured  in  the  continuum  case  is 
retained  within  the  integral  in  recognition  of  the  possible  variation  of 
neutral  beam  density  during  the  measurement  of  ^c^0*ec^  ov*r  the 
necessary  wavelength  region.  In  the  present  experiment  the  wavelength 
dependence  of  Nc^0»ec^  *s  measured  at  fixed  energy  by  scanning  the 
monochromator  at  constant  speed  S  nm/sec,  and  storing  the  resulting 
counts  in  the  multi-channel  scaler  where  each  channel  has  the  corres¬ 
ponding  width  in  nm.  If  the  counts  accumulated  in  channel  n  number 
N£(n),  and  the  center  wavelength  of  the  channel  Is  X^,  then  we  may  write 


S [N  (n)-B(n) ] 


N  (X  )  -  - - r 

c  n  W 


ch 


(16) 


for  substitution  into  Equation  (11) 


Similarly,  in  Equation  (15)  we  replace  the  integral  by  the 


summation  rKI  #  »  D /  v . 

[N  (n)-B(n)  ] 

s  l  — - J -  (17 

■"W'lc’ 

where  we  have  corrected  the  signal  for  background.  Hence,  for  final 
working  formulae  we  arrive  at 

0  (X  ,e  )  N  (n)-B(n) 

c  n  c  Arc  i  , 

__ — —  «  — -  [ - - - J  (18 

ic  ic  ch  R(X  )I  (e  ,n) 
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0.  (e.  ) 
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N  (n)-B(n) 
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R(Xn)Ic(eic*n) 


rVWuR^Vu  ,  c 

Lo.t(e.j)  Jl  W  J  S 

i*.  U  sc  Nji(X£*eji) 


For  each  wavelength  scan  of  the  continuum  A  is  a  constant  of  the 
Instrument.  In  Equation  (20)  the  quantities  in  the  first  bracket  are 
taken  from  the  literature,  those  in  the  second  are  experimental 
parameters  depending  on  the  operating  conditions,  and  must  be  measured, 
and  those  in  the  final  bracket  are  directly  measured  quantities.  The 
scanning  speed,  S,  is  a  preset  parameter. 

4.2  Effective  Slit  Function  Width,  W 


The  effective  width,  Wg,  of  the  normalized  slit  function  is 
determined  by  the  dispersion  of  the  grating  and  the  geometric  width  of 
the  slits  of  the  monochromator.  It  can  easily  be  measured  by  scanning  a 
line  whose  true  width  is  much  smaller  than  W  using  a  channel  width  W  . 


<<  Wg.  Under  these  conditions 


W  l  [N  (n)-B(n) ] 
ch _ l _ 

N  (n  )-B(n  ) 
i  l  i 
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where  is  the  channel  number  corresponding  to  X^,  and  the  summation 
encompasses  an  appropriate  number  of  channels  on  each  side  of  n. . 


4.3  Relative  Quantum  Efficiency.  R(X) 

In  order  to  evaluate  Equation  (18)  and  (19)  it  is  necessary  to 
know  the  relative  quantum  efficiencies  of  the  photon  counting  system  in 
the  configurations  used  for  the  continuum  measurements  [i.e.,  R  (Xn)], 
and  for  the  line  emission  measurements  being  used  for  data  normalization 
[i.e.,  R(X^)].  The  definition  of  R(X)  is  given  by  Equation  (13)  which 
in  general  may  be  written 


Rt(X) 


Et(X) 
E(ref ) 


where  the  subscript  i  Indicates  a  specific  configuration  of  the  photon 
counting  system.  In  general  the  magnitude  and  shape  of  E(X)  will  depend 
on  the  choice  of  (i)  the  monochromator  grating  and  (ii)  the  photomulti¬ 
plier.  Changes  in  (iii)  the  monochromator  alignment,  (iv)  the  monochro¬ 
mator  slits  and  (v)  the  operating  conditions  of  the  photomultiplier  will 
affect  the  magnitude  of  E(X),  but  should  not  affect  the  shape.  In 
practice  the  operating  conditions  of  the  photomultipliers  have  not  been 
varied,  and  the  monochromator  alignment  has  been  changed  only  once,  at 
the  outset  of  the  present  series  of  measurements.  Hence  we  are 
primarily  concerned  with  different  combinations  of  the  remaining  three 
factors. 

For  each  combination  of  grating  and  photomultiplier  the  system 
has  been  calibrated  using  standard  lamps.  The  photon  count  rate 
recorded  at  a  monochromator  setting  Xq  may  be  represented  by 


N. (A  )  -  G  /  E  (X)  L  (X)  F  (X-X  )  dX 
L  o  so 


where  L(A)  is  the  lamp  spectral  irradiance  function  in  units  of 
2 

photons/cm  -nm,  and  G  is  a  geometrical  factor  depending  on  the  optical 
coupling  of  the  lamp  to  the  system.  Assuming  that  any  variation  of  E(X) 


and  L(X)  over  the  extent  of  the  slit  function  F  (X-A  )  is  linear,  and 

s  o 

that  Fg(X-Ao)  is  a  symmetrical  function  about  Aq>  we  may  approximate 
Equation  (23)  by 


NL(Xo)  «  G  E(Ao)L(Ao)  Ws 
giving  N  (A  ) 

E(V  -  glT  -hr 

o  s 


(24) 


where  Wg  is  defined  by  Equation  (9). 

It  is  clear  from  Equation  (24)  that  the  shape  of  the  E(A) 
function  (and  its  corresponding  R( X )  function)  can  be  obtained  by 
plotting  Nl(Xo)/L(Xq)  as  a  function  of  monochromator  setting  To 

determine  the  relative  magnitudes  of  values  of  E(A)  appropriate  to 
different  system  configurations  we  must  evaluate  the  ratio 


VV 

w 


V2(V 


l02> 


(25) 


where  subscripts  1,2  indicate  different  system  configurations.  In  order 
to  use  Equation  (25)  it  is  convenient  to  fix  the  value  of  G  by  main¬ 
taining  the  same  optical  coupling  between  the  lamp  and  the  detector. 

The  ratio  L(X2)/L(X^)  is  derived  from  the  calibration  data  supplied  with 
the  lamp,  or  made  unity  by  comparing  measurements  where  X^  =  A2.  With 
these  constraints  Equation  (25)  reduces  to 


Ej  (X) 
e2(X) 


N  (X)  W 

- 1  [y~] 

Nc,2(X)  91 


(26) 


where  subscript  "L”  has  been  replaced  by  ”C”,  indicating  that  any 
continuum  source  will  suffice  for  such  a  measurement. 
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Alternatively,  if  a  narrow  line  source  is  available  a  direct 
comparison  of  the  Line  emission  signals  suffices,  since 


W  Vi(v 


(27) 


*1 


In  this  subsection  we  describe  the  methods  used  to  determine  the 

function 


R(X  ) 
o 


E(X  ) 
o 

E(ref ) 


(13) 


where  XQ  is  the  corrected  wavelength  setting  of  the  monochromator,  and 
E(Xq)  is  the  photon  counting  efficiency  of  the  system  for  photons  of 
wavelength  X  .  As  discussed  in  Section  4,1,  any  convenient  value  of 
E(ref)  may  be  used  for  normalization.  For  consistency  with  our  previous 
measurements  (Chantry  and  Chen,  1 982)  we  use  the  value  obtained 
previously  at  504.8  nm  using  the  1180  g/mm  grating  blazed  at  600  nm, 
with  500  pm  slits,  and  the  RCA  8575  photomultiplier  operated  under  the 
previously  specified  conditions  (C'500  in  Table  2). 

For  present  purposes  it  was  necessary  to  measure  R(Xq)  for  the 

configuration  A  (see  Figure  3)  of  the  photon  counting  system,  from 

240  nm  to  at  least  416.9  nm,  this  being  the  shortest  wavelength 

"benchmark"  He  emission  line  cross  section  available  (Van  Zyl  et  al., 

1980).  While  this  range  would  have  sufficed  for  the  measurement  of  the 

C-X  fluorescence  band,  it  was  clearly  desirable  to  extend  the  range  of 

measurement  to  include  the  previously  measured  B-X  band.  This  required 

the  use  of  two  gratings,  as  explained  in  Section  3.2,  allowing 

measurements  to  extend  from  240  nm  to  beyond  510  nm.  Measurements  of 

R( X  )  over  this  range  necessitated  the  use  of  two  standard  lamps.  For 

* 

the  shorter  wavelengths  a  deuterium  arc  discharge  lamp,  calibrated  over 
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the  range  180  to  400  nm,  was  used.  Scans  of  the  output  were  performed 

over  the  range  250  to  400  nm.  For  longer  wavelengths  a  tungsten  halogen 

* 

filament  lamp  was  used.  The  calibration  data  supplied  with  this  lamp 
extends  from  250  to  2500  nm.  For  the  present  purposes,  however,  scans 
were  performed  only  from  250  to  650  nm. 

The  procedures  adopted  in  performing  the  standard  lamp  calibration 
measurements  have  been  previously  described  [Chantry  &  Chen,  1982].  As  a 
check  on  the  reproducibility  of  these  procedures,  and  in  order  to  relate 
the  present  series  of  measurements  with  our  earlier  B-X  fluorescence 
measurements,  the  system  response  ROq)  was  also  remeasured  for  the 
original  configuration.  The  result,  shown  as  Curve  C  in  Figure  5,  differs 
insignificantly  in  shape  from  the  one  obtained  previously  [see  Figure  9  of 
Chantry  6  Chen,  1982],  The  present  curve's  magnitude  has,  however,  been 
adjusted  to  give  a  value  of  1.04  at  504.8  nm,  based  on  a  measured 
improvement  in  the  effective  width  Wg  of  the  "slit"  function,  from  a 
previous  value  of  1.80  nm  to  the  present  value  of  1.73  nm,  using  500  pm 
slits.  This  improvement  resulted  from  realignment  of  the  grating. 

All  three  curves  shown  in  Figure  3  were  measured  by  the  procedure 
described  previously.  A  number  of  scans  were  made  with  each 
configuration/lamp  combination  in  order  to  demonstrate  reproducibility  of 
the  curves.  In  some  cases  particular  care  was  taken  to  maintain  constant 
optical  coupling  of  the  standard  lamp  to  the  system  for  data  taken  with 
all  three  configurations.  These  particular  sets  of  data  thus  determine 
the  shapes  of  curves  in  Figure  3,  and  their  vertical  (logarithmic) 
displacement  from  each  other.  In  comparing  the  performance  of 
configuration  A  with  B  and/or  C  account  had  to  be  taken,  using 
Equation  (26),  of  the  different  effective  width  W  of  the  slit  function, 
due  to  the  different  groove  density  of  the  HV  blazed  grating.  For  this 
purpose  apparent  line  shape  measurements  were  performed  for  each  of  the 
relevant  configurations,  using  a  number  of  different  He  emission 
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lines.  An  example  of  this  type  of  measurement,  performed  with 
configuration  A  and  1000  pm  slits,  is  shown  in  Figure  4.  The  resulting 
value  of  Wg  ■  1.65  nm  is  listed  in  Table  2  together  with  other  values 
determined  similarly.  Configurations  A,  B  and  C  apply  to  the  system 
after  realignment  of  the  monochromator  gratings  had  been  performed. 
Prior  to  realignment  a  value  of  1.80  nm  had  been  measured  for  configur¬ 
ation  C,  with  500  pm  slits,  as  reported  previously  [Chantry  and  Chen, 
1982].  This  is  listed  as  Configuration  C'500. 


In  order  to  confirm  the  relationship  of  curves  A  and  B  in 
Figure  3  resulting  from  the  above  procedures,  intensity  measurements 
were  made  for  seven  He  emission  lines,  at  294.5,  318.8,  388.9,  396.5, 
412.1,  447.2  and  471.3  nm.  Line  emission  signals  were  measured  with 
both  gratings  under  otherwise  identical  conditions.  At  each  wavelength, 


the  ratio  of  the  signals  should  correspond  to  the  logarithmic  separation 
of  curves  A  and  B.  This  was  found  to  be  so,  within  a  few  percent,  for 
most  of  the  lines  used.  The  worst  discrepancy  was  10%.  This  agreement 


was  considered  acceptable. 

The  same  type  of  measurement,  i.e.,  the  measurement  of  the  ratio 
of  He  line  emission  signals,  was  used  to  establish  the  effect,  on  the 
R(l)  curves  of  Figure  3,  of  increasing  the  slit  widths  from  500  pm  to 
1000  pms.  This  was  found  to  increase  the  line  emission  signals  by  a 
factor  of  2.20.  In  using  the  curves  of  Figure  3  to  interpret  measure¬ 
ments  made  with  the  wider  slits,  using  for  example  Equation  (18-20), 
this  factor  must  be  included. 

5.2  Helium  Line  Calibration  Data 


The  objective  of  these  particular  measurements  was  to  evaluate 
the  quantity 

rf,  ,  (VW  , 

R(V  '  "a  171  *  - - j 

i*Uir  N.(X.,e.) 


(28) 


appearing  In  the  “Instrument  constant"  A  defined  by  Equation  (20). 

Because  of  its  proximity  to  the  peak  of  the  HgBr(C-X)  fluorescence  the 
He  416.9  nm  (6  S-2^P)  une  was  chosen  initially  as  the  reference 
calibration  line,  with  the  He  443.8  nm  (5^S-2^P)  and  He  504.8  nm 
(4  S-2^P)  lines  providing  additional  calibration  points.  All  three 
lines  were  included  in  the  benchmark  cross  section  measurements  of 
Van  Zyl  et  al.  (1980).  The  relevant  quantities  from  this  publication, 
and  that  of  Rapp  &  Englander-Golden  (1965)  are  listed  in  Table  3.  Note 
that  it  was  necessary  to  obtain  the  line  emission  cross  section  at 
150  eV  by  interpolation  between  values  given  for  100  eV  and  500  eV. 

Also,  the  values  listed  for  35  eV  are  those  derived  previously  by  us 
[Chantry  and  Chen,  1982). 

Measurements  of  the  line  emission  signals  for  all  three  benchmark 
lines  were  performed  using  configuration  B500.  The  results  are  sum¬ 
marized  in  Table  4.  In  addition,  measurements  were  made  of  the  416.9  nm 
and  443.8  nm  signals  using  configurations  A500  and  A1000,  summarized  in 
Table  5.  The  values  of  R(A^)  used  in  these  tables  are  shown  in  the  first 
column.  They  were  read  from  the  appropriate  curves  plotted  in  Figure  3. 
The  values  for  Table  5  include  where  appropriate  the  factor  2.20  for 
1000  Pm  slits,  as  discussed  in  Section  3.1.  The  cross  section  ratio 
listed  in  the  third  column  of  the  tables  is  obtained  from  the  reference 
data  listed  in  Table  3.  The  pressure  listed  in  the  fourth  column  is  the 
Baratron  reading  for  each  measurement.  The  location  of  the  Baratron  is 
such  that  it  indicates  the  pressure  at  a  point  considerably  upstream  in 
the  gas  inlet  line.  Its  reading  is  proportional  to,  but  much  larger  than 
the  true  pressure,  or  rather  beam  density,  in  the  collision  region.  The 
reading  does  not  enter  into  the  calculation  of  cross  sections,  and  is 
included  here  primarily  for  purposes  of  reference.  We  have  previously 
established  [Chantry  and  Chen,  1982]  that  the  ion  currents  and  the  photon 
count  rates  corrected  for  background  are  directly  proportional  to  both 
the  pressure  indicated  by  the  Baratron  gauge,  and  the  measured 
transmitted  electron  current.  The  data  in  Tables  4  and  5  all  corresponds 
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to  an  electron  current  of  2  *  10  —  a  value  well  within  the 

demonstrated  range  of  linearity. 

The  fifth  and  sixth  columns  of  the  tables  show  the  measured  ion 
current  and  photon  count  rate,  respectively.  The  latter  quantity  has 
been  corrected  for  background,  B^,  recorded  by  electrostatically 
reflecting  the  electron  beam  before  it  enters  the  collision  region,  but 
keeping  the  filament  heating  conditions  identical  to  those  employed  in 
the  measurements. 

In  principle  all  the  measurements  shown  in  Tables  4  and  5  should 
give  the  same  value  for  the  quantity  listed  in  the  final  column.  For  a 
particular  line  measurement,  any  systematic  dependence  of  this  quantity 
on  electron  energy  (e^)  would  indicate  a  systematic  discrepancy  between 
the  present  measurements  and  those  of  Van  Zyl  et  al  (1980),  regarding 
the  shape  of  the  cross  section.  No  such  discrepancies  are  apparent. 
Systematic  variations  of  the  final  column  number  for  the  same  line,  but 
different  optical  configurations  (i.e.,  between  tables)  would  indicate 
systematic  errors  in  the  R^^)  values  employed.  Such  systematic 
variations  are  not  apparent  from  the  tabulated  data. 

We  note  in  Table  4  that  the  504.8  nm  data  gives  a  final  column 
quantity  which  is  systematically  about  20%  larger  than  the  remaining 
data.  The  root  of  this  discrepancy  cannot  be  traced  at  present.  Van 
Zyl  et  al.  (1980)  indicate  high  confidence  level  uncertainties  of 
typically  ±  10%  or  better  for  these  cross  sections,  and  we  would  expect 
the  relative  values  to  be  less  uncertain  than  the  quoted  uncertainties 
in  their  absolute  values. 

For  the  present  purposes,  of  calibrating  HgBr  data  taken 
primarily  with  configuration  A1000,  we  elect  to  use  a  value  of  2.00 
(-14)  amp.  sec.  for  the  final  column  quantity  of  Tables  4  and  5.  This 
is  the  average  of  all  the  values  measured  for  the  416.9  nm  and  443.8  nm 
lines. 


5.3  Relative  Ion  Collection  Efficiencies 


In  the  present  measurements  identical  ion  extraction  voltages 
.  were  used,  and  the  same  electron  energy  (50  eV)  was  used  to  monitor  the 

I 

•  HgBr2  density,  as  in  the  previous  measurments.  The  previously 

I  determined  value  of 


E+(HgBr„ ,50. ev) 

R  =  — - — - -  =  0.81  ±  0.05  (29) 

E*(He) 


was  confirmed  by  repetition  of  the  measurements  described  previously 
[Chantry  and  Chen,  1982]. 

5.4  Optical  Emission  Measurements  in  HgB^ 

The  procedures  employed  for  the  present  measurements  are 
basically  the  same  as  those  described  previously  [Chantry  and  Chen, 
1982],  Most  of  the  measurements  employed  optical  configuration  A1000 
(see  Table  2),  since  this  gave  adequate  resolution  for  the  He  line 
calibration  measurements  at  416.9  and  443.8  nm,  described  in 
Section  5.2,  and  has  the  necessary  response  at  short  wavelengths.  As 
previously  the  electron  energy  scale  correction  was  determined  from  the 
positive  ion  appearance  potential  (10.60  eV),  and  the  wavelength  scale 
was  calibrated  via  the  known  Hg  lines  appearing  in  the  spectrum  when  the 
electron  energy  exceeded  10  eV.  Most  wavelength  scans  extended  from 
240  nm  to  440  nm  and  occupied  the  full  400  channels  of  the  multichannel 
scaler  (MCS).  These  scans  encompassed  the  (D-X),  the  (C-X),  and  the 
(B'-X)  emission  bands,  as  well  as  part  of  the  (B-X)  band  measured 
previously.  In  addition,  a  few  scans  were  recorded  using  optical 
configuration  B1000  (see  Table  2),  and  covering  the  range  251.5  nm  to 
beyond  530  nm.  These  scans  provide  data  which  allows  evaluation  of  the 
B-X  emission  cross  section  for  direct  comparisons  with  our  previous 


measurements. 


• . 
r'/v 
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Examples  of  the  raw  data  obtained  hy  scanning  the  monochromator 

wavelength  synchronously  with  the  MCS,  using  the  A1000  optical 

configuration,  are  shown  in  Figure  5.  The  mercury  emission  lines  are 

clearly  visible  in  the  higher  energy  data,  and  provide  a  direct 

calibration  of  the  wavelength  scale.  Data  runs  of  this  type  were  made 

at  the  various  electron  energies,  spanning  the  range  from  threshold  to 

35  eV.  Each  set  of  data  was  corrected  point  by  point  for  background 

signal  and  for  relative  quantum  efficiency,  and  then  replotted.  Some 

examples  of  smooth  curves  drawn  through  the  resulting  data  are  shown  in 

Figure  6.  In  these  plots  the  Hg  emission  lines  have  been  removed  by 

smoothly  connecting  the  adjacent  regions  of  the  continuum.  The  absolute 

cross  section  scale  of  Figure  6  was  obtained  via  Equation  (18),  using 

-15  2 

the  value  of  1.85  *  10  cm  (Wiegand  and  Boedeker,  1982)  for  the  HgB^ 
ionization  cross  section  at  the  reference  energy  (50  eV). 

Three  distinct  bands  are  visible  in  Figures  5  and  6.  Following 
the  notation  of  Wieland  (1932)  and  subsequent  workers  (e.g.,  Wadt, 

1980),  we  assume  that  the  bands  peaking  at  258  and  288  nm  arise  from 

4t  it 

HgBr  (D-X)  and  HgBr  (C-X)  transitions.  The  band  peaking  at  305  nm 
apparently  has  received  little  or  no  discussion  in  the  literature, 
although  it  is  clearly  visible  in  the  spectrum  published  by  Wieland 

it  3 

(1932),  and  in  the  spectrum  produced  by  reaction  of  Xe  (  P2)  with  HgB^, 
published  recently  by  Dreiling  and  Setser  (1983).  An  analogous  band  has 
been  reported  in  Hgl*  by  Roxlo  and  Mandl  (1980).  For  purposes  of 
discussion  we  refer  to  this  region  as  the  (B’-X)  band  with  the  implied 
assumption  that,  in  common  with  the  other  bands,  it  arises  from 
dissociative  excitation  of  HgBr2,  and  a  transition  to  the  ground  state 
(X)  of  HgBr. 

The  first  order  dependence  of  all  three  bands  on  the  HgBr2  neutral 
beam  density  has  been  established  by  operating  the  reservoir  at  a  number 
of  set  temperatures  and  recording  the  photon  count  rates  at  monochromator 
settings  close  to  each  peak,  using  10  eV  electron  beam  energy,  together 
with  the  ion  current  measured  at  50  eV  electron  energy.  The  resulting 
data  is  shown  in  Figure  7,  The  lines  fitted  to  the  data  have  been  drawn 
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with  a  slope  of  unity,  indicating  that  the  photon  production  processes 
have  the  same  order  dependence  on  HgBr2  density  as  does  the  ionization 
process.  The  latter  is  known  to  be  first  order. 

In  order  to  extract  total  continuum  emission  cross  sections  from 
data  of  the  type  shown  in  Figure  6  it  is  necessary  to  partition  the 
signal  into  contributions  to  the  four  continua.  It  is  impossible  to  do 
this  with  complete  confidence,  and  different  interpretations  of  the  data 
which  conserve  the  total  emission  cross  section  of  all  bands  are 
conceivable.  In  these  circumstances  we  have  chosen  a  well  defined 
simple  method  of  partitioning  the  data,  illustrated  in  Figures  8  and  9. 

The  boundary  between  the  (D-X)  band  and  the  (C-X)  band  has  been 
set  at  270.5  nm,  where  the  minimum  signal  is  observed  at  essentially  all 
electron  energies.  All  signal  between  242.5  and  270  nm  is  assigned  to 
the  D-X  emission  band.  Similarly,  all  signal  between  270.5  nm  and 
295.5  nm  is  assigned  to  the  C-X  band.  The  most  difficult  partition  to 
rationalize  is  between  the  (B'-X)  band  and  the  (B-X)  hand.  At  energies 
close  to  the  threshold  for  production  of  the  peak  at  505  nm  the  short 
wavelength  tail  of  the  (B-X)  continuum  may  reasonably  be  extrapolated  to 
zero  at  295.5  nm  as  indicated  in  Figure  8.  As  the  energy  is  raised 
structure  appears  on  the  continuum,  between  the  peak  at  305  nm,  and 
extending  to  longer  wavelengths.  Since  growth  of  this  structure  appears 
to  accompany  the  growth  of  the  305  nm  peak,  we  postulate  that  they  are 
part  of  the  same  band.  Based  on  these  observations  we  have  chosen  to 
consistently  extract  the  (B-X)  signal  by  assuming  that  it  increases 
linearly  from  zero  at  296  nm  to  a  value  at  412.5  nm  equal  to  the  full 
measured  signal.  All  the  signal  between  412.5  nm  and  ~  530  nm  is 
assigned  to  the  B-X  band.  The  net  effect  of  this  partitioning  procedure 
is  seen  in  Figure  9  for  the  case  of  e  =  8.0  eV. 

The  method  used  with  the  present  data  systematically  assigns  a 
smaller  overall  signal  to  the  (B-X)  continuum  than  the  method  used  by  us 
previously  [Chantry  and  Chen,  1982],  where  all  the  continuum  signal 
between  ~  350  nm  and  ~  530  nm  was  assigned  to  the  (B-X)  hand,  and  a 


smooth  extrapolation  used  to  zero  at  ~  290  nm.  See  for  example, 

Figure  13  of  Chantry  and  Chen  (1982). 

Using  the  partitioning  procedures  defined  above  the  wavelength 
resolved  data  of  the  type  represented  in  Figures  6,  8  and  9  has  been 
used  to  calculate  the  total  continuum  cross  sections  for  the  various 
emission  bands,  using  Equation  (19)  to  integrate  between  appropriate 
wavelengths.  The  results  are  shown  in  Figure  10  for  the  (B'-X),  (C-X), 
and  (D-X)  total  continuum  emission  cross  section.  In  this  figure  the 
filled  points  have  been  obtained  by  the  complete  integration 
procedure.  The  open  points  were  obtained  by  measuring  the  signal  at  the 
peak  wavelength  257,  288  and  305  nm  and  scaling  the  resulting  curve  to 
match  the  filled  points  in  the  region  of  overlap.  Note  the  change  of 
scale  at  30  eV  in  Figure  10. 

The  curves  shown  in  Figure  10  below  30  eV  were  obtained  by 
tuning  the  monochromator  to  the  peak  wavelengths,  and  scanning  the 
electron  energy  synchronously  with  the  MCS.  So  far  as  we  can  determine 
from  this  data,  for  each  of  the  three  bands  representation  in  Figure  10 
the  wavelength  resolved  cross  section  at  each  peak  has  an  electron 
energy  dependence  identical  to  that  of  the  total  continuum  emission  of 
that  band.  This  is  not  the  case  for  the  (B-X)  band,  as  shown  in 
Figure  14  of  Chantry  and  Chen  (1982). 

Measurements  of  the  thresholds  for  appearance  of  radiation  at 
the  peak  wavelengths  gave  values  of  7.45  eV  at  307  nm,  7.40  eV  at 
288  nm,  and  7.65  eV  at  258  nm.  The  first  two  of  these  are  the  same 
within  the  limits  of  error  of  -  0.1  eV. 

The  cross  sections  shown  in  Figure  10  are  shown  again  in 
Figure  11  together  with  the  (B-X)  total  emission  cross  section.  The 
latter  data  is  a  composite  of  present  data  obtained  with  Configuration 
B1000,  and  previously  determined  data  [Chantry  and  Chen,  1982), 
reanalyzed  according  to  the  partitioning  procedure  and  scaled  via  the 
benchmark  cross  sections  at  416.9  nm  and  443.8  nm.  All  the  data  forms  a 
self-consistent  set.  Differences  between  the  present  (B-X)  cross 
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section  magnitude  and  the  previously  derived  cross  section  arise 
entirely  from  the  revised  method  of  interpretation  and  scaling. 


For  purposes  of  calculating  electron  energy  distribution 
functions  in  mixtures  where  HgB^  dominates  it  is  convenient  to  lump 
together  the  three  cross  sections  represented  in  Figure  10,  to  give  a 
single  energy  loss  cross  section  having  a  threshold  at  7.4  eV.  This 
lumped  cross  suction  is  also  shown  in  Figure  11.  The  similarity  of 
shape  of  the  three  contributing  cross  sections  may  well  be  an  indication 

that  production  of  all  three  bands  involves  electron  impact  excitation 

* 

of  the  same  Intermediate  state  of  HgB^  .  If  this  is  the  case,  the 
lumped  cross  section  shown  in  Figure  II  is  a  lower  bound  to  the  cross 
section  for  excitation  of  the  intermediate  state. 

5.5  Trapped  Electron  Measurements  in  HgBr2 

In  the  course  of  the  present  program  the  opportunity  was  taken 
to  make  some  exploratory  measurements  of  trapped  electron  signals  In 
HgBr2*  Only  a  few  such  measurements  were  made,  and  in  the  absence  of 
accompanying  systematic  measurements  (Burrow  and  Schulz,  1969),  required 
to  establish  the  effective  well  depth  we  are  not  able  to  interpret  the 
data  in  terms  of  absolute  excitation  cross  sections.  The  data  is, 
however,  instructive  regarding  the  relative  magnitudes  of  the  inelastic 
energy  loss  cross  sections  close  to  their  thresholds,  particularly  when 
viewed  in  the  context  of  the  optical  emission  cross  sections  reported 
above,  and  the  energy  loss  spectrum  published  by  Spence  et  al.  (1982) 
for  200  eV  electrons  scattered  at  3°. 

In  the  present  measurements  the  well  depth  is  controlled  by  the 
potentials  of  the  Repeller  and  Attractor  electrodes  relative  to  the 
collision  chamber  box  which  encloses  them  -  see  Figure  1.  For  the  data 
shown  in  Figure  12  the  Repeller  and  Attractor  were  biassed  +  4V  and-2V 
respectively.  As  a  result  the  trapped  electron  signal  appears  at  the 
Repeller,  while  the  positive  ion  signal  appears  at  the  Attractor.  Both 
signals,  measured  between  2  and  12  eV  electron  beam  energy,  are 


displayed  in  Figure  12.  The  positive  ion  appearance  potential 
(10.60  eV)  has  been  used  to  calibrate  the  electron  energy  scale.  The 
broken  curve  labelled  I  is  an  estimate  of  the  negative  ion  contribution 
to  the  current  collected  at  the  Repeller,  based  on  similar  measurements 
performed  without  a  potential  well  in  the  collision  chamber. 

The  most  easily  identified  features  in  the  trapped  electron 
signal  are  the  onsets  labelled  B  and  C,  which  correspond  to  the 
thresholds  measured  optically  for  excitation  of  the  HgBr  (B)  state 
(6.0  eV),  and  for  the  lumped  excitation  of  the  HgBr  (B*,C,D)  states 
(>  7.4  eV).  According  to  Figure  11  these  emission  cross  sections  have 
approximately  equal  slopes  immediately  above  their  respective 
thresholds.  The  trapped  electon  data  suggests  that  the  energy  loss 
cross  section  starting  at  7.4  eV  rises  significantly  more  rapidly  than 
the  6.0  eV  process.  This  would  be  consistent  with  the  relative 
magnitudes  proposed  by  various  workers  to  fit  Boltzmann  and  laser 
kinetics  codes  to  discharge  and  swarm  experiments  (Kline  et  al.,  1983; 
McGeoch  et  al.,  1983;  Nighan  &  Brown,  1983).  This  suggests  that  the 
energy  loss  reactions  having  thresholds  close  to  7.4  eV  result  to  a 
large  extent  in  non-radiating  products. 

The  abrupt  increase  in  the  trapped  electron  signal  in  the  region 
of  9.15  eV,  labelled  D  in  Figure  12,  corresponds  to  the  onset  of  a 
substantial  peak  in  the  energy  loss  spectrum  of  Spence  et  al.  (1982). 
Thus  there  appears  to  be  a  new  energy  loss  process  threshold  at 
approximately  9.1  eV.  The  near  threshold  cross  section  gradient  is 
apparently  much  smaller  than  that  of  the  7.4  eV  process. 

The  trapped  electron  signal  below  6  eV  is  more  difficult  to 
Interpret.  There  appears  to  be  a  broad  peak  starting  at  approximately 
3.7  eV,  after  allowance  is  made  for  the  negative  ion  contribution,  with 
an  additional  onset  at  approximately  5.1  eV.  The  first,  broad  feature 
correlates  approximately  with  the  first  broad  feature  observed  by 
Spence  et  al.  (1982),  but  the  present  onset  at  5.1  eV  has  no  counterpart 
in  their  "pseud-optical"  spectrum.  This  suggests  that  the  HgB^ 
electronic  transition  involved  is  optically  forbidden. 


6.  DISCUSSION 


The  measurements  reported  here  are  an  extension  of  work 
performed  previously  (Chantry  &  Chen,  1982)  which  concentrated  on 
measuring  the  cross  section  for  production  of  the  HgBr  (B  £ ^ ^ )  state 
by  electron  impact  on  HgBr2*  The  present  data  set  includes  repetition 
of  some  of  the  measurements  of  the  HgBr  (B-X)  emission  band  for  direct 
comparison  with  our  previous  data.  The  wavelength  resolved  cross 
sections  obtained  from  both  sets  of  measurements  show  good  agreement, 
typically  to  better  than  5%,  provided  the  same  He  line  emission  is  used 
in  the  calibration  procedure.  In  the  previously  reported  data  (e.g. 
Figure  13  of  Chantry  &  Chen,  1982),  the  He  504.8  nm  line  was  used  for 
calibration.  The  present  measurements  of  the  He  line  emission  signals 
at  all  three  "benchmark"  wavelength  (416.9,  443.8,  and  504.8  nm)  have 
revealed  a  systematic  20%  discrepancy  at  the  longer  wavelength  relative 
to  the  two  shorter  wavelengths  based  on  the  benchmark  cross  sections  of 
Van  Zyl  et  al.  Because  of  this  discrepancy,  we  prefer  now  to  base  our 
calibration  procedure  on  the  two  shorter  wavelength  line  emission 
signals,  which  are  self-consistent.  Use  of  this  revised  calibration  has 
the  effect  of  reducing  the  magnitudes  of  the  wavelength  resolved  cross 
sections  determined  previously,  by  the  factor  (2.00/2.40).  This  is  the 
ratio  of  the  average  numbers  given  by  the  final  columns  of  Tables  4  and 

5  for  the  two  shorter  wavelength  lines  (2.00)  and  for  the  504.8  nm  data 
(2.40).  The  previously  reported  data  of  this  type  (Figure  13  of  Chantry 

6  Chen,  1982),  revised  in  this  way,  is  reproduced  here  as  Figure  13  of 
this  report. 

As  discussed  in  Section  5.4,  based  on  the  present  measurements, 
we  have  also  revised  the  method  used  to  partition  the  wavelength 
resolved  emission  cross  section  between  the  (B-X)  and  the  (B'-X)  bands 
in  the  region  from  296  to  412.5  nm.  When  systematically  applied  to  our 
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previous  daCa,  samples  of  which  are  shown  in  Figure  13,  this  revised 
procedure  leads  to  a  further  reduction  in  the  derived  total  hand 
emission  cross  section,  oc  (B-X),  for  energies  above  7  eV.  The  overall 
revised  values  of  oc(B-X)  determined  from  our  previous  data  are  shown  by 
the  appropriately  labelled  full  and  broken  curve  in  Figure  11.  The 
three  filled  points  shown  have  been  derived  from  measurements  performed 
during  the  present  series,  using  optical  configuration  B1000  to  cover 
the  necessary  range  of  wavelengths. 

It  should  perhaps  be  emphasized  that  the  various  cross  sections 
plotted  in  Figure  11  constitute  a  self-consistent  set.  The  same 
calibration  procedure  has  been  used  for  all  the  data  represented,  and  at 
any  energy  the  sum  of  the  various  cross  sections,  given  by  adding 
oc(B-X)  to  the  lumped  cross  section  labelled  Eo^D.C.B'-X) ,  is 
Independent  of  the  procedure  chosen  to  partition  the  radiation  between 
the  various  bands. 

Most  previous  attempts  to  establish  a  set  of  HgBr2  cross 
sections  to  account  for  discharge  and  swarm  experiments  have  included 
inelastic  energy  loss  processes  having  thresholds  at  5.0,  6.4,  and 
7.9  eV,  with  the  process  starting  at  6.4  eV  being  responsible  for 
production  of  the  HgBr  (B)  state.  Based  on  the  present  measurements  it 
is  clear  that  the  processes  assumed  to  start  at  6.4  and  7.9  eV  do  in 
fact  start  at  6.0  eV  and  7.4  eV,  respectively.  A  similar  conclusion  can 
be  drawn  from  a  proper  interpretation  of  the  energy  loss  spectrum  of 
Spence  et  al.  (1982).  Inclusion  of  cross  sections  having  thresholds  at 
approximately  3.7  eV,  and  at  5.1  eV  and  9.15  eV  is  suggested  by  the 
trapped  electron  data  shown  in  Figure  12.  However,  without  additional 
information  regarding  the  overall  shapes,  and  magnitudes,  of  those  cross 
sections,  their  inclusion  in  the  Boltzmann  code  analyses  may  not  be 
particularly  fruitful.  It  has  been  recognized  from  the  outset  in  such 


analyses  that  the  5.0  eV  and  7.9  eV  processes  are  "representative"  of 
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energy  loss  processes,  below  the  threshold  for  HgBr  (B)  state  production 
In  the  one  case,  and  between  this  threshold  and  that  for  ionization 
(10.6  eV)  in  the  other  case.  Provided  these  “representative"  cross 
sections  are  suitably  adjusted  in  magnitude,  the  inaccuracies  in  their 
threshold  energies  are  probably  not  significant  regarding  predictions  of 
the  HgBr*(B)  state  excitation  efficiency  and  the  ionization 
coefficient.  Similarly,  quantitative  predictions  of  the  attachment 
coefficient  and  electron  drift  velocity  measured  in  swarm  experiments  in 
gas  mixtures  containing  HgBT2  (Nighan  et  al,  1982)  required  the  use  of 
“representative"  energy  loss  cross  sections  involving  "resonant"  an^ 
"direct"  vibrational  excitation.  The  present  trapped  electron  data 
indicate  the  presence  of  an  energy  loss  process  starting  at  approxi¬ 
mately  3.7  eV.  If  included  in  the  analyses  this  process  might  be  found 
to  be  significant  in  determining  the  attachment  rate,  although  for  this 
purpose  a  lower  threshold  would  be  more  effective. 

The  present  trapped  electron  data  show  no  evidence  for  the 
resonant  energy  loss  process  peaking  at  ~  3  eV,  invoked  by 
Nighan  et  al.  Appearance  of  a  trapped  electron  signal  is  however  only 
expected  if  the  energy  losses  involved  are  sufficiently  Targe,  approa¬ 
ching  the  initial  electron  energy.  Thus  we  can  only  conclude  that,  if 
the  resonant  process  is  indeed  present,  it  does  not  involve  large  energy 
losses.  In  their  analysis  Nighan  et  al.  assumed  an  effective  energy 
loss  of  0.25  eV.  Such  a  process  at  ~  3  eV  impact  energy  would  not 
result  in  a  trapped  electron  in  any  of  the  present  measurements. 
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Table  1:  Definition  of  Symbols 


Symbol 

Units 

Def inition 

B(n) 

counts 

Background  counts  for  channel  n 

e 

coulombs 

Electronic  charge 

E(X) 

Overall  counting  efficiency  for  photons  of 

wavelength  A 

E«,(eU* 

Positive  ion  collection  efficiency  for  line 
emitting  gas  at  electron  energy  E_^ 

Ec+(£ic) 

Ditto  for  continuum  emitting  gas 

fs(a-ao) 

Normalized  slit  function  of  monochromator 

F  (0)  =  1 
s 

Xe 

amps 

Transmitted  electron  current 

1 

amps 

Measured  ion  current  in  the  line  emitting  gas, 
at  electron  energy  e  ^ 

1 *(e.  ) 
c  ic 

amps 

Ditto  for  continuum  emitting  gas 

L 

cm 

Length  of  interaction  region  of  crossed  beams 

N 

-3 

cm 

Average  neutral  density  in  interaction  region 

Nc(n) 

counts 

Photon  counts  accumulated  in  channel  n  of  MCS 

Vh-Y 

counts-s  1 

Photon  count  rate  when  tuned  to  line  emission 

at  A^  at  electron  energy 

"c<VEc> 

counts-s  ^ 

Photon  count  rate  from  continum  measured  at 

monochromator  setting  A^  at  electron  energy 

R+ 

Relative  ion  collection  efficiency  =>  E+  (e.  )  /  F. 

C  1C 

R<» 

Relative  quantum  efficiency  [=  E(^)/E(ref)] 
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Table  1:  Definition  of  Symbols  (Cont  d.) 


Symbol 

Units 

Definition 

S 

-1 

nm-s 

Monochromator  sweep  speed 

W 

s 

nm 

Effective  width  of  normalized  slit  function 

W 

sc 

am 

Value  of  W  for  continuum  measurements 
s 

w  V 

ch 

nm/ch. 

Effective  channel  width  of  MCS  for  wavelength 

scans 

e 

eV 

Electron  energy 

X 

nm 

Wavelength 

nm 

Wavelength  of  line  emission 

X 

o 

nm 

Wavelength  setting  of  monochromator 

®t(W 

2 

cm 

Total  emission  cross  section  for  line  centered 

at  X^  for  electrons  of  energy  e^ 

'll*6!!1 

2 

cm 

Total  ionization  cross  section  for  line  emitting 

gas  at  electron  energy  £  ^ 

”c(l'Ec> 

cm^  /  nm 

Continum  emission  cross  section  at  wavelength  X 

for  electrons  of  energy  e£ 

ac(Ec) 

2 

cm 

Total  continum  emission  cross  section  at  electron 

energy  e 

2 

cm 

Total  ionization  cross  section  for  continum 

emitting  gas  at  electron  energy  e. 

Table  2.  Photon  Couhting  Configurations  and  Measured  Instrument 

Function  Effective  Widths,  W  . 

s 


Configuration 

A 

B 

C 

C' 

PM  Tube 

C  31024(a) 

C  31024(a) 

8575(b) c) 

8575(b) 

Grating 

Lo  Blaze 
2360  g/mm 

Hi  Blaze 

1180  g/mm 

Hi  Blaze 
1180  g/mm 

HI  Blaze 
1180  g/mm 

Slits  500  y 

Size  lOOOu 

0.835  nm 
1.65  nm 

1.73  nm 

3.43  nm 

1.73  nm 
3.43  nm 

1.80  nm  ^ 

a)  Operated  at  -  30°C,  2.4  kV 

b)  Operated  at  -  30°C,  1 .5  kV 

c)  Measured  prior  to  grating  realignment 


Helium  Ionization  (a  0)  and  Line  Emission  (a.)  Cross  Section 
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d)  Interpolated  from  100  eV  and  500  eV  data  points 


Examples  of  Helium  Line  Radiation  Calibration  Measurements 
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Examples  of  Helium  Line  Radiation  Calibration  Measurements 
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Using  A500  optical  configuration  (see  Table  2) 
Using  A1000  optical  configuration  (see  Table  2) 


FIGURE  CAPTIONS 
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Figure  I 
Figure  2 


Figure  3 


Figure  4 


Figure  5 

Figure  6 


Schematic  of  crossed  beam  system 

Schematic  diagram  of  the  optical  system,  shown 
approximately  to  scale.  ~  are  quartz  lenses. 

Sj  2  are  the  entrance  and  eilt  slits  of  the 
Jafrell-Ash  0.25  meter  Ebert  monochromator.  Two 
light  baffles  (out  of  five)  are  shown.  They  serve 
to  reduce  the  scattered  light  from  the  electron 
gun  filament  entering  the  optical  system. 

Relative  Photon  Counting  Efficiencies  of  the 
various  optical  configurations.  For  the  present 
series  of  measurements  configuration  A  was  mostly 
used.  All  curves  were  measured  with  500p  slits. 

Use  of  lOOOp  slits  raises  the  curves  by  a  factor 
of  2.20. 

An  example  of  the  instrumental  line  shape  measured 
by  scanning  the  He  emission  lines  shown.  These 
particular  measurements  are  for  optical  configur¬ 
ation  A1000,  i.e.,  using  the  grating  having 
2360  g/mm,  and  1000pm  slits.  The  multichannel 
scaler  was  scanned  at  0,2  nm  channel.  Applying 
Equation  (21)  to  this  data  gives  W  =  1.65  nm, 
listed  in  Table  2. 

Examples  of  raw  data  photon  counts  as  a  function 
of  wavelength  e  at  electron  energies  e  =  8  and 
35  eV  using  W  .  =  0*5  nm.  The  various  mercury 
lines  indicated  are  used  for  wavelength  calibration. 

Wavelength  resolved  emission  cross  sections  of 
HgBr2  measured  at  the  indicated  electron  energies. 
The  curves  shown  are  obtained  from  data  of  the 
type  displayed  in  Figure  5  by  (i)  removing  the  Hg 
line  contributions  at  the  positions  marked, 

(ii)  correcting  for  the  relative  quantum 
detection  efficiency,  and  (iii)  using  He  line 
measurements  for  calibration.  The  vertical  bars 
above  the  35  eV  curve  indicate  the  positions 
listed  by  Wieland  (1932)  for  maxima  in  the 
fluorescence. 


40 


Figure  7 


Showing  the  dependence  on  HgBr2  beam  density  of 
the  fluorescence  signals  at  the  indicated 
wavelengths.  The  positive  ion  signal  is  used 
as  a  measure  of  the  beam  density,  which  is 
controlled  by  the  reservoir  temperature. 

Figure  8  Illustrating  the  procedure  adopted  for  partitioning 
the  fluorescence  spectra  into  the  relevant  bands. 
The  B-X  band  is  assumed  to  decrease  linearly  to 
zero  between  441.5  nm  and  295.5  nm.  Thus,  at  this 
electron  energy  (7.5  eV),  most  of  the  signal  in 
this  range  is  assigned  to  the  (B-X)  band. 

Compare  with  Figure  9. 

Figure  9  Data  of  the  same  type  as  Figure  8,  but  for  an 
electron  energy  of  8  eV.  Note  the  substantial 
Increase  in  the  signal  assigned  to  the 
(B’-X)  band. 

Figure  10  Total  emission  cross  sections  for  the  bands 
indicated.  The  filled  points  are  obtained 
from  data  of  the  type  illustrated  in  Figures  5, 

6,  8  and  9  using  Equation  (19)  and  (20).  The 
curves  shown  below  30  eV  were  obtained  by 
setting  the  monochromator  at  the  peak  wave¬ 
length  for  each  band,  and  scanning  the  electron 
energy  synchronously  with  the  multichannel 
scaler,  with  the  resulting  curves  scaled  to 
match  the  filled  points  in  the  plateau 
regions.  The  open  points  between  30  and  150  eV 
were  obtained  similarly,  with  the  broken  curves 
indicating  a  reasonable  smooth  interpolation 
between  the  points.  Independently  measured 
thresholds  for  the  three  curves  are  a  (B’-X): 

7.45  eV:  o  (C-X):7.40  eV;  and  a  (D-X)?7.65  eV. 
c  c 

Figure  11  Showing  the  same  data  as  Figure  10,  plus  data 

on  the  ^mission  cross  section  for  the  (B-X)  band 
of  HgBr  .  The  full  curve  labelled  ac(B-X)  is 
obtained  by  reanalyzing  our  previous  data  by  the 
procedure  developed  from  the  present  series  of 
measurements.  The  filled  points  are  from  the 
present  measurements.  The  curve  labelled 
^°c(D,C,B'-X)  is  the  sum  of  the  three  lower 
curves. 


Figure  12  Trapped  electron  and  positive  ion  signals 

measured  in  HgBrj.  The  electron  energy  scale  is 
given  by  the  extrapolated  threshold  for  the 
positive  ion  signal,  at  10.60  eV.  The  broken 
curve  labelled  I  is  an  estimate  of  the  negative 
ion  contribution  to  the  total  negative  signal, 
labelled  Ie.  Arrows  labelled  A-D  indicate 
inferred  inelastic  loss  thresholds,  at  5.1,  6.0, 
7.4,  and  9.15  eV  respectively. 

Figure  13  Wavelength  resolved  emission  cross  sections 

measured  previously  at  the  indicated  electron 
energies  (Chantry  &  Chen,  1982),  but  with  a 
revised  calibration  based  on  the  present  series 
of  He  line  measurements. 
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Fig.  1  Schematic  of  crossed  beam  system 


Figure  2.  Schematic  diagram  of  the  optical  system,  shown  approximately  to  scale.  Lj  2  are  <*l,artz 
lenses.  S.  „  are  the  entrance  and  exit  slits  of  the  Jarrell-Ash  0.25  metef  Ebert 
monochromatic.  Two  light  baffles  (out  of  five)  are  shown.  They  serve  to  reduce  the 
scattered  light  from  the  electron  gun  filament  entering  the  optical  system. 
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Figure  3.  Relative  Photon  Counting  Efficiencies  of  the  various  optical  configurations.  For  the 

present  series  of  measurements  configuration  A  was  mostly  used.  All  curves  were  measured 
with  500u  slits.  Use  of  lOOOp  slits  raises  the  curves  by  a  factor  of  2.20. 
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An  example  of  the  Instrumental  line  shape  measured 
by  scanning  the  He  emission  lines  shown.  These 
particular  measurements  are  for  optical  configur¬ 
ation  A1000,  1  .e. ,  using  the  grating  having 
2360  g/mm,  and  lOOOum  slits.  The  multichannel 
scaler  was  scanned  at  2A/channel.  Applying 
Equation  (21)  to  this  data  gives  W  «  1.65  nm, 
listed  in  Table  2.  S 
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Figure  6. 


Wavelength  resolved  emission  cross  sections  of 
HgBr2  measured  at  the  indicated  electron  energies 
The  curves  shown  are  obtained  from  data  of  the 
type  displayed  in  Figure  5  by  (i)  removing  the  Hg 
line  contributions  at  the  positions  marked, 

(ii)  correcting  for  the  relative  quantum 
detection  efficiency,  and  (iil)  using  He  line 
measurements  for  calibration.  The  vertical  bars 
above  the  35  eV  curve  indicate  the  positions 
listed  by  Wieland  (1932)  for  maxima  in  the 
fluorescence. 
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Figure  7 . 


Showing  the  dependence  on  HgB^  heam  density  of 
the  fluorescence  signals  at  the  indicated 
wavelengths.  The  positive  ion  signal  is  used 
as  a  measure  of  the  beam  density,  which  is 
controlled  by  the  reservoir  temperature. 
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I Llust rating  the  procedure  adopted  for  partitioning  the  fluorescence  spectra  into  the 
relevant  bands.  The  B-X  band  is  assumed  to  decrease  linearly  to  zero  between  441.5  n 
295.5  nm.  Thus,  at  this- electron  energy  (7.5  eV),  most  of  the  signal  in  this  range  i 
assigned  to  the  (B-X)  band.  Compare  with  Figure  9. 
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Figure  11.  Showing  the  ^ame  data  as  Figure  10,  plus  data  on  the  emission  cross  section  for  the  (B-X) 
band  of  HgBr  •  The  full  curve  labelled  is  obtained  by  reanalyzing  our  previous 

data  by  the  procedure  developed  from  the  present  series  of  measurements.  The  filled 
points  are  from  the  present  measurements.  The  curve  labelled  la  (D,C,B'-X)  is  the  sum  of 
the  three  lower  curves. 


Electron  Energy,  e  ( eV) 


Figure  12.  Trapped  electron  and  positive  Ion  signals 

measured  in  HgB^.  The  electron  energy  scale  is 
given  by  the  extrapolated  threshold  for  the 
positive  ion  signal,  at  10.60  eV.  The  broken 
curve  labelled  I  is  an  estimate  of  the  negative 
ion  contribution  to  the  total  negative  signal, 
labelled  Ie.  Arrows  labelled  A-D  indicate 
inferred  inelastic  loss  thresholds,  at  5.1,  6.0, 
7.4,  and  9.15  eV  respectively. 
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wavelength  resolved  emission  cross  sections  measured  previously  at  the  Indicated  electron 
energies  (Chantry  &  Chen,  1982),  but  with  a  revised  calibration  based  on  the  present 
series  of  He  line  measurements. 


